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2001 May - OECD GSF Workshop on “Compact, High Intensity, Short Pulse Lasers”
2002 Jan - Proposal to Establish OCED GSF Coordinating Committee on “CHISP” Lasers
2002 Dec - OCED GSF Coordinating Committee on “CHISP” Lasers meets at LLNL   
2003 Sept - OCED GSF Coordinating Committee on “CHISP” Lasers defines ICUIL Charter 
2003 Oct - Proposal is made to IUPAP Executive Council to form ICUIL (patterned after ICFA)
2004 Feb - ICUIL Kickoff Meeting (10 laser lab members, 6 user community members) 







Biennial International Conference on Ultrahigh Intensity Lasers

ICUIL 2004 Lake Tahoe ICUIL 2006 Cassis

ICUIL 2012 Mamaia ICUIL 2008 TongliICUIL 2010 Watkins Glen

ICUIL 2014 Goa





ICUIL World Map Starting Points

Reflect worldwide activity in the 
“ultrahigh intensity” lasers & apps

Include all existing & planned 
“ultrahigh intensity” facilities



ICUIL Definition of “Ultrahigh Intensity”

‘ultrahigh’ intensity = any laser with 
focal capability within 3 orders of the 

published intensity record

currently
1019 W/cm2 or ~10 TW or greater
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ALLS Advanced Laser Light Source

ALLS Advanced Laser Light Source

APRI Advanced Photon Research Institute at the Guangju Institute of Science and Technology

APRI Advanced Photon Research Institute at the Guangju Institute of Science and Technology

APRI Advanced Photon Research Institute at the Guangju Institute of Science and Technology

APRI Advanced Photon Research Institute at the Guangju Institute of Science and Technology

AWE Atomic Weapons Establishment

AWE Atomic Weapons Establishment

AWE Atomic Weapons Establishment

BARC Bhabha Atomic Research Centre

CELIA Centre Lasers Intenses et Applications

CELIA Centre Lasers Intenses et Applications

CESTA CEA le Commissariat à l’énergie atomique, le centre d'Etudes Scientifiques et Techniques d'Aquitaine

CLPU Centro de Laseres Pulsados (Pused Laser Center)

CREIPI Central Research Institute of Electric Power Industry
ELI 

ALPS Extreme Light Infrastructure Attosecond Light Pulse Source

ELI 
ALPS Extreme Light Infrastructure Attosecond Light Pulse Source

ELI 
Beams Extreme Light Infrastructure Czech Republic

ELI EF Extreme Light Infrastructure Extreme Field 4th Pillar

ELI NP Extreme Light Infrastructure Nuclear Physics

ELI NP Extreme Light Infrastructure Nuclear Physics

FSU IOQ/Friedrich Schiller University of Jena

FSU IOQ/Friedrich Schiller University of Jena

GSI GSI-Helmholtzzentrum fuer Schwerionenforschung

GSI GSI-Helmholtzzentrum fuer Schwerionenforschung

HHU Heinrich-Heine-University Dusseldorf

HHU Heinrich-Heine-University Dusseldorf

HZDR Research Center Dresden-Rossendorf/Helmholtz Zentrum Dresden- Rossendorf

HZDR Research Center Dresden-Rossendorf/Helmholtz Zentrum Dresden- Rossendorf
IAMS Institute for Atomic and Molecular Sciences

IAP Institute of Applied Physics Russian Academy of Science

IAP Russian Academy of Sciences

CanadaVarennesNorth AmericaDr. TsuneyukiOzaki Dear Tsuneyukiozaki@emt.inrs.cay y y y y y http://lmn.emt.inrs.ca/EN/ALLS.htmlimited web site information200 TW 10 Hz 200 TW

CanadaVarennesNorth AmericaDr. Jean-ClaudeKeiffer Dear Dr. Keiffernone n n n n y y http://lmn.emt.inrs.ca/EN/ALLS.htmfrom Canova @ Amplitude200 TW 10 Hz 200 TW

Korea GwangjuAsia Prof. Jongmin Lee Dear Jongminleejm@gist.ac.kry y y y y y http://apri.gist.ac.kr/eng/sub_05/sub05_2_3.phpgood materials they have now gone beyond a PW and published100 TW and 1 PW100 TW and 1 PW

Korea GwangjuAsia Dr. Tae MoonJeong Dear Dr. Jeongjeongtm@gist.ac.kry n n n n y http://apri.gist.ac.kr/eng/sub_05/sub05_2_3.phpno response100 TW and 1 PW100 TW and 1 PW

Korea GwangjuAsia Dr. Chul Min Kim Dear Dr. Kimchulmin@gist.ac.kry n n n n y http://apri.gist.ac.kr/eng/sub_05/sub05_2_3.phpno response100 TW and 1 PW100 TW and 1 PW

Korea GwangjuAsia Dr. Do-KyeongKo Dear Dr. Kodkko@gist.ac.kry y y y y y http://apri.gist.ac.kr/eng/sub_05/sub05_2_3.phpgood materials100 TW and 1 PW100 TW and 1 PW

EnglandAldermastonEurope Dr. David Hillier Dear Dr. Hillierdavid.hillier@awe.co.uky n n n n y www.awe.co.uk orion laser 1 PW

EnglandAldermastonEurope Dr. Nick Hopps Dear Dr. Hoppsnick.hopps@awe.co.uky y y y y y www.awe.co.uk 10 long pulse 0.5 kJ beams and 2 0.5 kJ PW beams currently being commissioned (nova PW with new OPCPA front end)1 PW

EnglandAldermastonEurope Dr. Stefen Parker Dear Dr. Parkerstefen.parker@awe.co.uky n n n n y www.awe.co.uk orion laser 1 PW

India MumbaiAsia Dr. Narender Gupta Dear Dr. Guptankgupta@barc.gov.iny y y y y n http://www.barc.ernet.in/relatively low level effort to date, still not at TW but plans for more<1 TW 1 TW

FranceBordeauxEurope Dr. DominiqueDescampsDear Dr. Descampsdescamps@celia.u-bordeaux1.fry y n w y y http://www.celia.u-bordeaux1.fr/?lang=frinfo from Blanchot5 TW 50 TW

FranceBordeauxEurope Dr. Phillippe Balcou Dear Phillippebalcou@celia.u-bordeaux1.fry y n n y y http://www.celia.u-bordeaux1.fr/?lang=frhttp://www.celia.u-bordeaux1.fr/?lang=fr5 TW 50 TW

FranceBordeauxEurope Dr. Nathalie Blanchot Dear Nathalienathalie.blanchot@cea.fry y y y y y http://www.cea.fr/le_cea/les_centres_cea/cestahttp://www.cea.fr/le_cea/les_centres_cea/cesta<1 PW multi PW

Spain SalamancaEurope Dr. Luis Roso Dear Dr. Rosoroso@usal.es y y y y y y http://campus.usal.es/~clpu/index_en.htmlfrom Canova @ Amplitude100 TW 10 Hz

Japan YokosukaAsia Dr. Koshichi Nemoto Dear Koshichinemoto@criepi.denken.or.jpy y y y y y http://criepi.denken.or.jp/en/index.htmlfrom Andreani at Thales40 TW

HungarySzegedEurope Prof. Gabor Szabo Dear Gaborgszabo@physx.u-szeged.huy n n n n y http://www.eli-hungary.hu/index_EN.htmlhttp://www.eli-hungary.hu/index_EN.html0 TW PW few Hz

HungarySzegedEurope Dr. Karoly Osvay Dear Dr. Osvayosvay@physx.u-szeged.huy y y y y y http://www.eli-hungary.hu/index_EN.htmlhttp://www.eli-hungary.hu/index_EN.html0 TW PW few Hz

Czech RepPrague Europe Dr. Bedrich Rus Dear Dr Rusrus@fzu.cz y n n w w y http://www.eli-beams.eu/http://www.eli-beams.eu/ 0 TW PW few Hz

EU TBD Europe Prof. Gerard Mourou Dear Gerardgerardmourou@gmail.comy n n w w y http://www.extreme-light-infrastructure.eu/http://www.extreme-light-infrastructure.eu/0 TW 200 PW

RomaniaBucharestEurope Prof. Victor Zamfir Dear Victorzamfir@tandem.nipne.roy y y y y y http://www.eli-np.ro/http://www.eli-np.ro/ 0 TW 2x 10 PW

RomaniaBucharestEurope Dr. Dan Dumitras Dear Dandan.dumitras@inflpr.roy y y y y y http://www.eli-np.ro/http://www.eli-np.ro/ 0 TW 2x 10 PW

GermanyJena Europe Dr. Joachim Hein Dear Dr. Heinjoachim.hein@uni-jena.dey y y y y y http://www.physik.uni-jena.de/inst/ioq//polaris A4 now, A5 at 80 J completed this year and commissioned in 2011, cryo colling in 2012 should take A4 to 16 J30 TW 350 TW

GermanyJena Europe Dr. G.G. Paulus Dear Dr. Paulusnone n n n n y y http://www.physik.uni-jena.de/inst/ioq//from Canova @ Amplitude100 TW 10 Hz

GermanyDarmstadtEurope Dr. Thomas Kuehl Dear Thomast.kuehl@gsi.dey y y y y y http://www.gsi.de/portrait/index_e.htmlcurrently at 350 TW will be 700 TW with larger gratings 300 TW 600 TW

GermanyDarmstadtEurope Dr. Vincent Bagnoud Dear Vincentv.bagnoud@gsi.dey y y y y y http://www.gsi.de/portrait/index_e.htmlno response 300 TW 600 TW

Germany DusseldorfEurope Dr. Fabian Budde Dear Dr. Buddef.budde@uni.duesseldorf.dey n n n n y http://www.uni-duesseldorf.de/homeno response100 TW & 200 TW 10 Hz100 TW & 200 TW 10 Hz

GermanyDusseldorfEurope Dr. O. Willi Dear Dr. Willinone n n n n y y http://www.uni-duesseldorf.de/home2 beam facility one at 100 TW and one at 200 TW both at 10 Hz (from Canova @ Amplitude)100 TW & 200 TW 10 Hz100 TW & 200 TW 10 Hz

GermanyDresdenEurope Prof. Roland Sauerbrey Dear Rolandr.sauerbrey@fzd.dey y n n y y www.fzd.de/fwt200 TW 10 hz laser info from Canova @ Amplitude200 TW 10 Hz

GermanyDresdenEurope Dr. Ulrich Schramm Dear Ulrichu.schramm@fzd.dey y y y y y www.fzd.de/fwtclaims since 2008 that they operate at 150 TW 4 joules on target in 30 fs, plan is for a 500 TW upgrade in 2012 with a plan for a diode pumped Yb;CaF2 system 1 Hz PW in 2015150 TW 10 Hz 500 TW 1 PW
TaiwanTaipai Asia Prof.Szu-yuan Chen Dear Prof. Chennone n n n w w y http://www.iams.sinica.edu.tw/introa/group_Atomic_Physics_and_Optical_Science.htmlfrom web page10 TW
Russia Nizhny NovgorodEurope Dr. Efim Khazanov Dear Dr. Khazanovkhazanov@appl.sci-nnov.ruy y y y y y http://www.ipfran.ru/english/info_e.html910 nm OPCPA sytem with 24 J and 43 fs pulse duration plans to upgrade to 10 PW 200 J in 20 fs the latter project is under construction now560 TW 10 PW

Russia Nizhny NovgorodEurope Dr. Arkady Gonoskov Dear Dr. Gonoskovarkady.gonoskov@gmail.comy n n n n y http://www.ipfran.ru/english/info_e.htmlsee claims above560 TW 10 PW
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IAP Institute of Applied Physics Russian Academy of Science

IAP Institute of Applied Physics Russian Academy of Science

IAP Institute of Applied Physics Russian Academy of Science

IAP Institute of Applied Physics Russian Academy of Science

IAP Institute of Applied Physics Russian Academy of Science

IHCE Institute of High Current Electronics 

IHCE Institute of High Current Electronics 

ILE-f Institut de Lumiere Extreme

ILE-j Institute for Laser Engineering, Osaka University

ILE-j Institute for Laser Engineering, Osaka University

ILE-j Institute for Laser Engineering, Osaka University

ILE-j Institute for Laser Engineering, Osaka University
INFLP

R National Institute for Laser, Plasma and Radiation Physics

INFLP
R National Institute for Laser, Plasma and Radiation Physics

IOP Institute of Physics, Chinese Academy of Science  (Xtreme Light III)

IOP Institute of Physics, Chinese Academy of Science  (Xtreme Light III)

IOP Institute of Physics, Chinese Academy of Science  (Xtreme Light III)

KAERI Korean Atomic Energy Research Institute

KAERI Korean Atomic Energy Research Institute

KPSI Kansai Photon Science Institute, Advanced Photon Research Center, Japanese Atomic Energy Agency

KPSI Kansai Photon Science Institute, Advanced Photon Research Center, Japanese Atomic Energy Agency

KPSI Kansai Photon Science Institute, Advanced Photon Research Center, Japanese Atomic Energy Agency

KPSI Kansai Photon Science Institute, Advanced Photon Research Center, Japanese Atomic Energy Agency

KyoU Kyoto University

LANL Los Alamos National Laboratory, Trident

LANL Los Alamos National Laboratory, Trident

LBNL Lawrence Berkeley National Laboratory

LBNL Lawrence Berkeley National Laboratory

LFRC Laser Fusion Research Center CAEP (SILEX)

LFRC Laser Fusion Research Center CAEP (SILEX)

LLC Lund Laser Center

LLC Lund Laser Center

LLE Laboratory for Laser Energetics

LLE Laboratory for Laser Energetics

LLNL Lawrence Livermore National Laboratory Advanced Radiographic Capability

Russia Nizhny NovgorodEurope Dr. Artem KorzhimanovDear Dr. Korzhimanovkav@ufp.appl.sci-nnov.ruy n n n n y http://www.ipfran.ru/english/info_e.htmlsee claims above560 TW 10 PW

Russia Nizhny NovgorodEurope Dr. Igor Kostyukov Dear Dr. Kostyukovkost@appl.sci-nnov.ruy n n n n y http://www.ipfran.ru/english/info_e.htmlsee claims above560 TW 10 PW

Russia Nizhny NovgorodEurope Dr. AlexanderSergeev Dear Sashaams@ufp.appl.sci-nnov.ruy y y y y y http://www.ipfran.ru/english/info_e.htmlsame as above plus material on Sarov facility560 TW 10 PW

Russia Nizhny NovgorodEurope Dr. Igor Kostyukov Dear Dr. Kostyukovkost@appl.sci-nnov.ruy n n n n y http://www.ipfran.ru/english/info_e.htmlsee claims above560 TW

Russia Nizhny NovgorodEurope Dr. AlexanderSergeev Dear Sashaams@ufp.appl.sci-nnov.ruy y y y y y http://www.ipfran.ru/english/info_e.htmlsame as above plus material on Sarov facility560 TW

Russia Tomsk Europe Dr. Leonid Mikheev Dear Dr. Mikheevmikheev@sci.lebedev.ruy y y y y y http://www.hcei.tsc.ru/index_en.html475 nm XeF system similar to one at Lebedev but higher power both have good contrast, 10E100 TW 100 TW

Russia Tomsk Europe Dr. Leonid Mikheev Dear Dr. Mikheevmikheev@sci.lebedev.ruy y y y y y http://www.hcei.tsc.ru/index_en.html475 nm XeF system similar to one at Lebedev but higher power both have good contrast, 10E100 TW

FranceSaclay Europe Dr. Jean PaulChambaretDear Jean Pauljean-paul.chambaret@ensta.fry y y n s y none 10 PW is the plan0 TW 10 PW

Japan Osaka Asia Dr. Junji Kawanaka Dear Dr. Kawanakakawanaka@ile.osaka-u.ac.jpy y y y y y http://www.ile.osaka-u.ac.jp/index_e.htmlsent material on Gekko EXA2.5 PW x4 >100 TW

Japan Osaka Asia Dr. Yoshiki Nakata Dear Dr. Nakatanakata-y@ile.osaka-u.ac.jpy n n n n y http://www.ile.osaka-u.ac.jp/index_e.htmlno response 2.5 PW x4 >100 TW

Japan Osaka Asia Prof. Hiroshi Azechi Dear Hiroshiazechi@ile.osaka-u.ac.jpy y y y y y http://www.ile.osaka-u.ac.jp/index_e.htmlLFEX is claimed to be a 2.5 PW per beam capability but not clear that this has been achieved yet, the plans for an EXAwatt capabilty do not state how many PWs or when they will be available (need more info)2.5 PW x4 >100 TW

Japan Osaka Asia Prof. MasakatsuMurakami Dear Prof. Murakamimurakami-m@ile.osaka-u.ac.jpy y y y y y http://www.ile.osaka-u.ac.jp/index_e.html2 beams of LFEX operational now with the other 2 scheduled for early next year (not clear the specification presently)2.5 PW x4 >100 TW

RomaniaBucharestEurope Dr. Marian Toma Dear Marianmarian.toma@inflpr.roy y y n y y http://www.inflpr.ro/claim is 20 TW since 2009 called the TEWALAS system will be upgraded to PW status before ELI NP, these are commercial systems (amplitude is the existing one)  20 TW 1 PW

RomaniaBucharestEurope Dr. Dan Dumitras Dear Dandan.dumitras@inflpr.roy y y y y y http://www.inflpr.ro/from the viewgraphs  the PW system goal is 25 J in 25 fs20 TW 1 PW

China Beijing Asia Prof. Jie Zhang Dear Jiejzhang@aphy.iphy.ac.cn, jzhang1@sjtu.edu.cny y n n n y http://english.iop.cas.cn/http://english.iop.cas.cn/ 700 TW Multi PW

China Beijing Asia Dr. Zheng-MingSheng Dear Zheng-Mingzmsheng@aphy.iphy.ac.cny y y y y y http://english.iop.cas.cn/viewgraph claims 720 TW700 TW Multi PW

China Beijing Asia Dr. Zhiyi Wei Dear Dr. Weizywei@iphy.ac.cny y y y y y http://english.iop.cas.cn/700 TW in 30 fs with opa front end and 10E10 contrast one shot every 20 minutes published in 2010700 TW Multi PW

Korea DaejoenAsia Dr. Young UkJeong Dear Dr. Jeongyujung@kaeri.re.kr     y n n n n y none no response, entry is from previous map data claimed that there would be a 100 TW facility but there is no update on this need more info100 TW

Korea DaejoenAsia Dr. Chang-HwanLim Dear Dr. Limchlim@kaeri.re.kry n n n n y none no response, entry is from previous map data claimed that there would be a 100 TW facility but there is no update on this need more info100 TW

Japan KizugawaAsia Dr. HiromitsuKiriyama Dear Dr. Kiriyamakiriyama.hiromitsu@jaea.go.jpy y y y y y site not active good photos of J-KAREN 800+ TW Ti:sapphire system plus the 10 TW J-LITE-X system not sure of the repetition rate of the latter10 TW and 800 TW10 TW and 800 TW

Japan KizugawaAsia Dr. Mamiko Nishiuchi Dear Dr. Nishiuchinishiuchi.mamiko@jaea.go.jpy n n n n y site not active 10 TW and 800 TW10 TW and 800 TW10 TW and 800 TW

Japan KizugawaAsia Dr. Tetsuya Kawachi Dear Dr. KawachiKawachi.tetsuya@jaea.go.jpn n n n n y site not active no evidence that the email was sent10 TW and 800 TW10 TW and 800 TW

Japan KizugawaAsia Dr. Paul Bolton Dear Paulbolton.paul@jaea.go.jpy y n n n y site not active 10 TW and 800 TW10 TW and 800 TW10 TW and 800 TW

Japan Kyoto Asia Prof. Shuji Sakabe Dear Prof. Sakabesakabe@laser.kuicr.kyoto-u.ac.jp n y n w y y http://laser.kuicr.kyoto-u.ac.jp/e-index.htmlforwarded to me by Azechi10 TW

USA Los AlamosNorth AmericaDr. Manuel Hegelich Dear Manuelhegelich@lanl.govy y y y y y http://trident.lanl.gov/manuel claims that day to day it is a 130 TW system but that it can go all out at 200 TW  good contrast200 TW

USA Los AlamosNorth AmericaDr. Juan Fernandez Dear Juanjuanc@lanl.govy n n n n y http://trident.lanl.gov/no response data is from 2008 map and web200 TW

USA BerkeleyNorth AmericaDr. Csaba Toth Dear Csabactoth@lbl.gov y n n n n y http://loasis.lbl.gov/http://loasis.lbl.gov/ 12 TW and 65 TW 1 PW

USA BerkeleyNorth AmericaDr. Wim Leemans Dear WimWPLeemans@lbl.govy y y y y y http://loasis.lbl.gov/basic systems have been operational for some time, it would be good to get the dates12 TW and 65 TW 1 PW

China MianyangAsia Prof. Zhu Qiuhua Dear Prof. Qiuhuaqihzh@163.comy n n n n y none no response 300 TW

China MianyangAsia Dr. Zheng-MingSheng Dear Zheng-Mingzmsheng@aphy.iphy.ac.cny y y y y y none SILEX 300 TW system seems operational but don’t know the date300 TW

SwedenLund Europe Dr. Claes-GoranWahlstromDear Claes-Goranclaes-goran.wahlstrom@fysik.lth.sey n n n n y http://www-llc.fysik.lth.se/doubling the experimental area this year40 TW > 100 TW 25 fs

SwedenLund Europe Dr. Anders Persson Dear Dr. Perssonanders.persson@fysik.lth.sey y y y y y http://www-llc.fysik.lth.se/point stablelized, adaptive optics40 TW >100 TW 25 fs

USA RochesterNorth AmericaDr. Terry Kessler Dear Terryjude@lle.rochester.eduy y y y y y http://www.lle.rochester.edu/omega_facility/omega_ep/omega EP two short pulse and two long pulse beams the capabilities are conservatively quoted and are grating limited260 TW & 30 TW 1 PW

USA RochesterNorth AmericaDr. David Meyerhofer Dear Davidddm@lle.rochester.eduy y y y y y http://www.lle.rochester.edu/omega_facility/omega_ep/meyerhofer claims the present performance is half PW500 TW 1 PW

USA LivermoreNorth AmericaDr. John Crane Dear Johncrane1@llnl.govn n n y y y https://lasers.llnl.gov/programs/psa/advanced_radiography/petawatt.phpinformation from cpjb files1 TW multi PW
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LLNL Lawrence Livermore National Laboratory, Jupiter Laser Facility

LLNL Lawrence Livermore National Laboratory E23

LOA Laboratoire d'Optique Appliquée-ENSTA-Ecole Polytechnique

LOA Laboratoire d'Optique Appliquée-ENSTA-Ecole Polytechnique

LULI Laboratoire pour l'Utilisation des Lasers Intenses

MBI Max Born Institute for Nonlinear Optics and Short Pulse Spectroscopy

MBI Max Born Institute for Nonlinear Optics and Short Pulse Spectroscopy

MPQ Max Planck Institute for Quantum Optics

NIF Lawrence Livermore National Laboratory

NRL Naval Research Laboratory

OSU The Ohio State University

PNLI PN Lebedev Institute Russian Academy of Science

PNLI PN Lebedev Institute Russian Academy of Science

RAL Rutherford Appleton Laboratory

RFNC Russian Federal Nuclear Center - The All-Russian Research Institute of Experimental Physics (RFNC - VNIIEF)

RIKEN RIKEN (from concatenation of Rikagaku Kenkyusho)

RRCAT Raja Ramanna Centre for Advanced Technology

RRCAT Raja Ramanna Centre for Advanced Technology

SIOM Shanghai Institute of Optics and Fine Mechanics

SIOM Shanghai Institute of Optics and Fine Mechanics

SIOM Shanghai Institute of Optics and Fine Mechanics

SJTU Shanghai Jiao Tong University

SLAC MECI Matter in Extreme Conditions Instrument of LCLS

SLAC MECI Matter in Extreme Conditions Instrument of LCLS

SLIC CEA le Commissariat à l’énergie atomique, Saclay Laser-matter Interaction Center

SLIC CEA le Commissariat à l’énergie atomique, Saclay Laser-matter Interaction Center

SNL Sandia National Laboratory

SNL Sandia National Laboratory

SNL Sandia National Laboratory

TIFR Tata Institute of Fundamental Research

TIFR Tata Institute of Fundamental Research

TIFR Tata Institute of Fundamental Research

TIFR Tata Institute of Fundamental Research
TIFR-h Tata Institute of Fundamental Research New Campus

TUW Technical University of Vienna

UAlb University of Alberta

USA LivermoreNorth AmericaDr. Bob Cauble Dear Bobcauble1@llnl.govy y y y y y https://lasers.llnl.gov/programs/psa/advanced_radiography/petawatt.phpcalisto Ti:sapphire system is 200 TW the Titan Nd:glass system is 300 TW200 TW & 300 TW200 TW & 300 TW

USA LivermoreNorth AmericaDr. Chris Barty Dear Chrisbarty1@llnl.govn n y y y y https://lasers.llnl.govE23 would be pumped by mercury and would be first 10 Hz PW laser1 TW 15 fs PW at 10 Hz

FrancePalaiseauEurope Dr. Antoine Rousse Dear Antoinenone n n n w w y http://loa.ensta.fr/get material from web site100 TW

FrancePalaiseauEurope Dr. Rodrigo Lopez-MartensDear Dr. Lopez-Martensrodrigo.lopez-martens@ensta-paristech.frn n n n n y http://loa.ensta.fr/no evidence that the email was sentno evidence that the email was sentno evidence that the email was sent

FrancePalaiseauEurope Dr. CatherineLeBlanc Dear Catherinecatherine.leblanc@polytechnique.fry y y y y y http://www.luli.polytechnique.fr/LULI 2000 nd glass system at 200 TW plus ELFIE opcpa 5 J in 50 fs 2010200 TW & 100 TW200 TW & 100 TW

GermanyBerlin Europe Prof. Wolfgang Sandner Dear Wolfgangsandner@mbi-berlin.dey n n n n y http://www.mbi-berlin.de/70 laser systems including 2 100 TW class systems that will be available within the year and that have the potential to be upgraded to 0.5 PW  these are from amplitude also efforts in average power100 TW 500 TW

GermanyBerlin Europe Dr. Ingo Will Dear Dr. Willwill@mbi-berlin.dey n n n n y http://www.mbi-berlin.de/no response 100 TW 500 TW

GermanyGarchingEurope Dr. Laszlo Veisz Dear Dr. VeiszLaszlo.Veisz@mpq.mpg.dey y y s http://www.mpq.mpg.de/cms/mpqhome/index.html8 fs 16 TW laser with very impressive contrast. this is an opcpa system and will be extended to 100 TW16 TW 100 TW

USA LivermoreNorth AmericaDr. John Crane Dear Johncrane1@llnl.govn n n n n y https://lasers.llnl.govover all system is capable of > 10 E 19200 TW in the UV200 TW in the UV

USA Washington DCNorth AmericaDr. Phil Sprangle Dear Philnone n n n n n y http://other.nrl.navy.mil/info from webinfo from web

USA ColumbusNorth AmericaDr. Enam ChowdhuryDear Dr. Chowdhuryenam@mps.ohio-state.eduy y y y y y http://www.physics.ohio-state.edu/hedp/good info and pictures 40 TW focused to 5 microns Ti:sapphire system with plans for 0.5 PW upgrade they have purchased the pump lasers and have received the 70 mm crystal40 TW 0.5 PW

Russia MoscowEurope Dr. Leonid Mikheev Dear Dr. Mikheevmikheev@sci.lebedev.ruy y y y y y http://lebedev.ru/en/475  nm XeF  sister system is being built at another intstitute in Tomsk  has good ps and ns contrast 10E100 TW 30 TW

Russia MoscowEurope Dr. Andrey Aristov Dear Dr. Aristovandrey.aristov@gmail.comy y n n n y http://lebedev.ru/en/deferred to Mikheev his research supervisor0 TW 30 TW

EnglandDidcot Europe Prof. John Collier Dear Johnjohn.collier@stfc.ac.uky n n n n y http://www.clf.rl.ac.uk/pw glass and 10 pw opcpa project1 PW 10 PW

Russia Sarov Europe Dr. AlexanderSergeev Dear Sashaams@ufp.appl.sci-nnov.ruy y y y y y http://en.vniief.ru/operational at PW since 2008 this is an opcpa system similar to IAPs system with 50 J and approximately 50 fs this is pumped with the LUCH 4 beam 3 ns laser which puts out 12 kJ in the IR combined long and short pulse capability1 PW

Japan Tokyo Asia Dr. Katsumi MidorikawaDear Katsumikmidori@riken.jpy y y y y y http://www.riken.go.jp/engn/below 10 TW but very good quality systems and in partcular the 5 fs 5 mJ system should be able to go beyond 10E19 1 TW and 7 TW

India Indore Asia Dr. Prasad Naik Dear Dr. Naikpanaik@rrcat.gov.iny y n n y y http://www.cat.gov.in/from Canova @ Amplitude the order was for a 200 TW 5 hz system but Naik claims this is 150 TW.  there is a new building for this system10 TW 150 TW 5 Hz

India Indore Asia Dr. P. D. Gupta Dear Dr. Guptapdgupta@rrcat.gov.iny y y y y y http://www.cat.gov.in/from Canova @ Amplitude the order was for a 200 TW 5 hz system but Naik claims this is 150 TW.  there is a new building for this system10 TW 150 TW 5 Hz

China ShanghaiAsia Prof. Ruxin Li Dear Ruxinruxinli@mail.shcnc.ac.cny n n n n y http://english.siom.cas.cn/no response 890 TW

China ShanghaiAsia Dr. Yaping Dai Dear Dr. Daiypdai@mail.shcnc.ac.cny n n n n y http://english.siom.cas.cn/no response 890 TW

China ShanghaiAsia Dr. Zheng-MingSheng Dear Zheng-Mingzmsheng@aphy.iphy.ac.cny y y y y y http://english.siom.cas.cn/30 fs 890 TW at SIOM,  their own gratings? their own crystals?890 TW

China ShanghaiAsia Prof. Zheng-MingSheng Dear Prof. Shengzmsheng@aphy.iphy.ac.cny y y y y y http://www.sjtu.edu.cn/english/index/index.htmbuilding a dedicated facility for intense lasers, they will have a 200 TW 10 Hz laser 0 TW 200 TW

USA StanfordNorth AmericaDr. Greg Hays Dear Greghaysgr@slac.stanford.eduy y y n y y http://www6.slac.stanford.edu/arra_hutch.aspxmatter under extreme conditions instrument (MECI) 6th end station of LCLS currently 4TW awaiting delivery with 50 J two beam long pulse4 TW 100 TW

USA StanfordNorth AmericaDr. Bill White Dear Billwewhite@slac.stanford.eduy y n n n y http://www6.slac.stanford.edu/arra_hutch.aspxMECI end station4 TW 100 TW

FranceSaclay Europe Dr. D. Normand Dear Dr. Normandnone n n n n y y http://www-femtodrecam.cea.fr/slic/from Canova @ Amplitude100 TW 10 Hz

FranceSaclay Europe Dr.  Pascal d'Oliveira Dear Dr. d'Oliveirapascal.doliveira@cea.frn n n n y y http://www-femtodrecam.cea.fr/slic/lead from Nathalie Blanchot100 TW 10 Hz

USA AlbuquerqueNorth AmericaDr. Patrick Rambo Dear Patprambo@sandia.govy y y y y y http://www.z-beamlet.sandia.gov/index.html200 TW target area in the beamlet building and PW compressor in the Z building also have long pulse capability.  this is using PGL dielectric gratings 200 TW 1 PW

USA AlbuquerqueNorth AmericaDr. Ian Smith Dear Ianicsmith@sandia.govy n n n n y http://www.z-beamlet.sandia.gov/index.htmlgood web page200 TW 1 PW

USA AlbuquerqueNorth AmericaDr. John Porter Dear Johnjlporte@sandia.govy n n n n y http://www.z-beamlet.sandia.gov/index.htmlgood web page200 TW 1 PW

India MumbaiAsia Dr. M KrishnamurthyDear Dr. Krishnamurthymkrishm@tifr.res.iny n n n y y http://www.tifr.res.in/~uphill/index.htmlpurchasing a system from Amplitude info from Canova @ Amplitude20 TW 100 TW

India MumbaiAsia Dr. G. RavindraKumar Dear Dr. Kumargrk@tifr.res.in y y y y y y http://www.tifr.res.in/~uphill/index.htmlhave a 20 TW system will take delivery in april of 2011 of 100 TW system will be building 1 PW system at new TIFR Hyderabad campus20 TW 100 TW

India MumbaiAsia Dr. Amit Lad Dear Dr. Ladamitlad@tifr.res.iny n n n n y http://www.tifr.res.in/~uphill/index.htmlno response 20 TW 100 TW

India MumbaiAsia Dr. Rajeev Rajendran Dear Dr. Rajendranrajeev.tifr@gmail.comy n n n n y http://www.tifr.res.in/~uphill/index.htmlno response 20 TW 100 TW
India HyderabadAsia Dr. G. RavindraKumar Dear Ravigrk@tifr.res.in y n y y y y http://www.tifr.res.in/~uphill/index.htmlnote from Ravi that there are plans for a PW in Hyderabad in 2014  this will be a 1 hz system at 30 fs0 TW 1 PW

AustriaVienna Europe Prof. Andrius Baltuskus Dear Andrius none n n n n n y http://www.tuwien.ac.at/dle/eufs/eufs_e0155/veranstaltungen_2010/?L=6based on knowledge of high quality TW scale work on going therefew TW

CanadaEdmontonNorth AmericaProf. Robert FedosejevsDear Bobrfed@ee.ualberta.cay y n n y ? http://www.ece.engineering.ualberta.ca/en/FacultyStaff/FacultyAcademic/RobertFedosejevs.aspxhttp://www.ece.engineering.ualberta.ca/en/FacultyStaff/FacultyAcademic/RobertFedosejevs.aspx0 TW PW few Hz
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UCLA University of California at Los Angeles

UEC University of Electro-Communications Institute for Laser Science 

UMed Université de la Méditerranée, Laboratoire LP3 (Lasers, Plasmas et Procédés Photoniques)

UMich University of Michigan

UMil University of MIlan

UNeb University of Nebraska

UNev University of Nevada at Reno

UStr University of Strathclyde

USze University of Szeged

UTex University of Texas at Austin

UTex University of Texas at Austin

UTok University of Tokyo
Amplit

ude Amplitude

Thales Thales Optronique SA

USA Los AngelesNorth AmericaProf. Chan Joshi Dear Chancjoshi@ucla.eduy n n n n y http://www.ee.ucla.edu/~plasma/based on knowledge from visits to their laboratory10 TW

Japan Tokyo Asia Dr. Ken-ichi Ueda Dear Dr. Uedaueda@ils.uec.ac.jpy n n w w y http://www.ils.uec.ac.jp/eng/eindex.htmlbased web page they have 2.5 TW KrF and 2 TW Ti:sapphire2.5 TW KrF, 2 TW Ti:Sa2.5 TW KrF, 2 TW Ti:Sa

FranceMarseillesEurope Dr. M. Sentis Dear Dr. Sentisnone  n n n w w y http://www.lp3.univ-mrs.fr/from Canova @ Amplitude0 TW 100 TW (march 2011)

USA Ann ArborNorth AmericaDr. Victor Yanovski Dear Victorvpy@umich.eduy y y y y y http://www.engin.umich.edu/research/cuos/also have a 500 Hz 0.5 TW system that can reach 10E19, they have a proposal to use the Tcubed laser as the pump for an upgrade to Hercules300 TW 5 PW

Italy Milan Europe Prof. Sandro DiSilvestri Dear Sandrosandro.desilvestri@fisi.polimi.itn n n n n y http://www.fisi.polimi.it/dip-fisica/page7.dobased on previous discussions10 TW ?

USA Lincoln North AmericaProf. Donald Unstadter Dear Dondpu@hfsserve.unl.eduy y y y y y http://www.unl.edu/diocles/diocles extreme light laboratory purchased 100 TW from Thales and measured a strehl of 0.9 with the full system will have the PW first light at 0.1 Hz by the end of the year100 TW 1 PW

USA Reno North AmericaDr. Piotr Wiewior Dear Dr. Wiewiorpwiewior@unr.eduy y y y y y http://www.ntf.unr.edu/got to the 10 TW level and have this coupled with a z pinch machine10 TW

ScotlandGlasgowEurope Dr. Dino JaroszynskiDear Dr. Jaroszynskinone n n n n y y http://silis.phys.strath.ac.uk/from Canova @ Amplitude100 TW 10 Hz

HungarySzegedEurope Prof. Karoly Osvay Dear Karolyosvay@physx.u-szeged.huy y y y y y www.tewati.hu 2 TW will upgrade to 10 TW2 TW 10 TW

USA Austin North AmericaDr. Erhard Gaul Dear Erhardgaul@physics.utexas.eduy n n w w y http://www.ph.utexas.edu/~utlasers/tpp.php1.1 PW hybrid glass laser operation with 150 fs or so pulse duration1.1 PW

USA Austin North AmericaProf. Todd Ditmire Dear Toddtditmire@physics.utexas.eduy n n w w y http://www.ph.utexas.edu/~utlasers/tpp.phpalso have misc Ti:sapphire systems operational1.1 PW

Japan Tokyo Asia Prof. Sunturo Watanabe Dear Sunturonone n n n n n y none from memory 100 TW

FrancePalaiseauGlobal Mr. Federico Canova Dear Federicofcanova@amplitude-technologies.comy y y y y n

FrancePalaiseauGlobal Ms. Ariane Andreani Dear Arianeariane.andreani@fr.thalesgroup.comy y y y y  n
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- The total peak power of all the intense systems operating in 2010 was ~11.5 PW
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- The total peak power of all the intense systems operating in 2010 was ~11.5 PW
- By the end of 2017 planned intense laser projects will total to ~127 PWs 
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- The total peak power of all the intense systems operating in 2010 was ~11.5 PW
- By the end of 2017 planned intense laser projects will total to ~127 PWs 
- These CPA projects represent ~$4.3B of effort by ~1600 people
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- The total peak power of all the intense systems operating in 2010 was ~11.5 PW
- By the end of 2017 planned intense laser projects will total to ~127 PWs 
- These CPA projects represent ~$4.3B of effort by ~1600 people
- These estimates did not include MJ systems or planned Exawatt-scale projects



LLE

It started in 1985 with the invention of chirped pulse amplification

< 0.01 J, < 1TW

Compressor

Stretcher

L~ Δtstretch

Laser 
Amplifier

Short Pulse 
Oscillator

Strictland & Mourou Optics Communications 1985



Stanford

6 J, 0.6 TW

1987 - Stanford University



ILE-j

30 J, 30 TW

1989 - Institute for Laser Engineering @ Osaka University



LLNL

600 J, > 1PW

1996 - Lawrence Livermore National Laboratory



LLNL

600 J, > 1PW

1996 - Lawrence Livermore National Laboratory



LLNL

600 J, > 1PW

1996 - Lawrence Livermore National Laboratory



RAL

Today - Rutherford Appleton Laboratory

CPJ Barty



AWE

Today - Atomic Weapons Establishment

CPJ Barty



GSI

Today - GSI Germany

CPJ Barty



UTex

Today - UT Austin Texas PW



LLE

Today - Omega EP at LLE



Tomorrow - “ARC” 10 kJ in 10 ps at the NIF

CPJ Barty

LLNL



Lawrence Livermore National Laboratory

• Two beamlets per beam line
• Pulse durations from 1-50 ps with adjustable 

inter- and intra-beam delays

41

The Advanced Radiographic Capability (ARC) 
will produce eight Petawatt-class laser 

pulses from 4 NIF beamlines



ARC high energy backlighting capability is required 
for the high energy density science & ICF programs

HED

High-Z material 
strength at high 

pressure

1.
5 

m
m

ICF

400 µm

Shape of 
compressed cold 

fuel

Implosion 
hydrodynamics of 
complex systems

HED

2 
m

m

Planned NIF experiments will use ARC to produceback lighters at 
energies up to 100 keV
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Point projection high energy (>75keV) radiography 
is ideally suited to probe fuel shape and uniformity

• Compton radiography is sensitive to ne (not Z): ideal for probing DT fuel 
shape and density uniformity inside ablator

• Allows broadband operation as Compton cross section that dominates at 
high energy is weakly dependent on photon energy

• Radiography source is independently timed, in contrast to burn products

• Would require up 60 long pulse beam lines to do the same job!

Transmission Compton Radiography Optical  depth of the fuel and ablator



Each ARC beamlet uses chirped-pulse amplification 
to produce ps-timescale, laser pulses w/ > kJ energy

Compact, high efficiency, pulse 
compressor

CFBG stretcher

Short Pulse
Oscillator

5.5 m

NIF target bay

NIF Laser Bay

NIF master oscillator room

Dispersion Tweaker



Conversion of NIF beam lines to high-intensity, 
picosecond operation requires 4 top level changes

Pulse compression in the NIF 
Target Bay and final focusing 

optics
3

New short pulse fiber front-end with 
stretcher and pulse width control

Broadband preamplifier and 
split-beam injection system

Improved amplifier isolation for 
backscatter protection

1

4

2



ARC requires a new master oscillator to propagate 
wide bandwidth pulses through NIF

Mode locked
oscillator

Electrical chassis

Fiber amplifier 1

Pulse cleaner 
chassis

Fiber amplifier 2

Chirped Fiber 
Bragg Grating
chassis

Failsafe chassis

Fiber amplifier 3

Fiber amplifier 4

Dual Timing Box

Spatial Light Modulator B

Spatial Light Modulator A

Pulse Width Controller A

Pulse Width Controller B

     Controls hardware

Temporal high speed 
oscilloscope

Energy diagnostic 
oscilloscope
Energy diagnostic 
oscilloscope

1



ARC injection laser hardware amplifies and injects 
the master osc. room pulse into the NIF main laser

Modified PAM MPA

ARC Split-Beam 
Injection System

2.6 m PABTS 
Trombones

Dual Regen Table
& Supporting Electronics Rack

2



The ARC injection laser system has been 
performance tested in the ARC testbed 

facility

2



The ARC Injection Laser System (ILS) 
is installed and commissioned on the NIF

2



3



Pulse compression of 40-cm wide beams would 
require ~2 m gratings 

40 cm

~200 cm

3



Pulse compression of 40-cm wide beams would 
require ~2 m gratings OR “tiling of smaller gratings 

40 cm

~100 cm
~100 cm

3



Pulse compression of 40-cm wide beams would 
require ~2 m gratings OR “tiling of smaller gratings 

40 cm

~100 cm
Cross Talk

~100 cm

Tiling must be done “coherently” to avoid cross talk issues

3



The NIF beam is split prior to amplification to avoid 
cross talk & the need to coherently “tile” gratings,

Two independent pulse compressors with double the outputs for back lighting

beamlet 1

beamlet 2

beamlet 1

beamlet 2

3



The NIF beam is split prior to amplification to avoid 
cross talk & the need to coherently “tile” gratings,

However the gap between the beams corresponds to an unwanted loss of energy

gap

beamlet 1

beamlet 2

beamlet 1

beamlet 2

3



To avoid cross talk & the need to coherently “tile” 
gratings, the NIF beam is split prior to amplification

Beamlet energy is increased by slight modification of the left & right grating pairs

beamlet 1

beamlet 2

beamlet 1

beamlet 2

Lower GD

Lower GD

Higher GD

Higher GD

3



1758
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1758

1762
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1778
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1760

1780

1780
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Lawrence Livermore National Laboratory

All vacuum vessels are installed in the TB (29’6” elev) for 
housing the compressor gratings and final opticsAll beam path and vacuum vessels have 

been installed for pick-off mirrors, 
compressor gratings and final optics

3



Damage test data of ARC multi-layer dielectric 
grating samples supports >1.5 kJ per beamlet

3



Lawrence Livermore National Laboratory

In-house MLD grating fabrication is complete
81cm x 45cm & 91cm x 45cm by 10cm thick

Average diffraction efficiency 96.8%

3



World’s largest holographic exposure station 
has been operational at LLNL w/ 1100mm 

diameter optics since 1997

3



World’s largest ion beam etch machine has 
been operational at LLNL since 2003 and is 

capable of handling 2m x 1m optics

3



Lawrence Livermore National Laboratory

Installation of the ARC compressor gratings 
is complete for the first compressor vessel

3



Lawrence Livermore National Laboratory

Volatile organic compound (VOC) cleanliness 
is extremely important

Vacuum system

Witness 
transmission 
change after 5 
days exposure

LLNL Grating manufacturing 
facility

~0.01% (detection 
limit)

ARC compressor vessel 1 0.1%

ARC compressor vessel 2 0.1%

NIF target chamber 0.1%

Facility 1 (US) 2.4%

Facility 2 (US) 0.6%

Facility 3 (US) 2.1%

Facility 4 (Europe) 1.7%

3
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The Early Days of Ti:sapphire
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>100 fs, kHz, 1991 

30 fs, 3 TW, 1993 

18 fs, 50 TW, 1997
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S. Korea has invested ~$0.5B to create a multi-beam line, PW laser user facility
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LBNL’s BELLA 1 Hz, 1 PW laser system for laser-based particle acceleration
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 800M euros will be invested in the Extreme Light Infrastructure Project in Europe
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C. Barty, Lasers for  LIFE
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Mercury Laser at LLNL

Official Use Only – LLNL Proprietary

Official Use Only – LLNL Proprietary

90

• Up to 617 W achieved

• 0.3 Million shots to date 
   in consecutive 0.5-1 hr  
   operations

• Up to 617 W achieved

• 0.3 Million shots to date 
   in consecutive 0.5 - 2 hr  
   operations
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CPJB 091110

10 Hz operation enables real time feedback for 
dispersive and spatial control of petawatt pulses

Feedback beam quality, Φ(x,y) 

Feedback pulseshape, Φ(ω) 

Oscillator Multipass Pre-
Amplifier

4-pass Power 
Amplifier

Ultrawideband 
Regenerative 

Amplifier
Stretcher

Compressor

Target 
Chamber

Mercury 2ω Beam 
Conditioning

Dazzler
Φ(ω)

Deformable 
Mirror
Φ(x,y)

Mercury 1ω

A diffraction-limited PW laser can produce intensities in excess of 1023 W/cm2
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The ELI-Nuclear Physics facility has funded construction of 2, 10PW laser systems 
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The Tata Institute is considering systems beyond 10 PW for its Hyderabad facility

CSU

New Campus of TIFR @ Hyderabad 
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Concepts for Exawatt capability at large facilities are being formulated

IAP

ILE-f

GEKKO-EXA 

Present Performance: 
    10 Peta Watt, 30 µm spot, 1021 W/cm2 

Ultra Broadband Amplification 
       1 ps 	 10 fs (3 Optical Cycles) 

   Wavefront correction 
   Coherent adding 
   Plasma Mirror 
        30 µm →1 µm                1025 W/cm2 

   Colliding beam 
   Polarization 
All together result in           >1027 W/cm2 
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Concepts for Exawatt capability at large facilities are being formulated
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GEKKO-EXA 

Present Performance: 
    10 Peta Watt, 30 µm spot, 1021 W/cm2 

Ultra Broadband Amplification 
       1 ps 	 10 fs (3 Optical Cycles) 

   Wavefront correction 
   Coherent adding 
   Plasma Mirror 
        30 µm →1 µm                1025 W/cm2 

   Colliding beam 
   Polarization 
All together result in           >1027 W/cm2 
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LMJ

PETAL

Concepts for Exawatt capability at large facilities are being formulated

ILE-f

ILE-j

GEKKO-EXA 

Present Performance: 
    10 Peta Watt, 30 µm spot, 1021 W/cm2 

Ultra Broadband Amplification 
       1 ps 	 10 fs (3 Optical Cycles) 

   Wavefront correction 
   Coherent adding 
   Plasma Mirror 
        30 µm →1 µm                1025 W/cm2 

   Colliding beam 
   Polarization 
All together result in           >1027 W/cm2 
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LLNL
NIF
ARC
JLF

IAP

A location for the “Nexawatt”  
NIF Exawatt System?
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If you wish to see more of world of ultrahigh intensity lasers, 
visit www.icuil.org and explore the “interactive” world map




